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Abstract. A modeling system for the estimation of ﬂash
ﬂood ﬂow velocity and sediment transport is developed in
this study. The system comprises three components: (a) a
modeling framework based on the hydrological model HSPF,
(b) the hydrodynamic module of the hydraulic model MIKE
11 (quasi-2-D), and (c) the advection–dispersion module of
MIKE 11 as a sediment transport model. An important pa-
rameter in hydraulic modeling is the Manning’s coefﬁcient,
an indicator of the channel resistance which is directly de-
pendent on riparian vegetation changes. Riparian vegeta-
tion’s effect on ﬂood propagation parameters such as wa-
ter depth (inundation), discharge, ﬂow velocity, and sedi-
ment transport load is investigated in this study. Based on
the obtained results, when the weed-cutting percentage is
increased, the ﬂood wave depth decreases while ﬂow dis-
charge, velocity and sediment transport load increase. The
proposed modeling system is used to evaluate and illustrate
the ﬂood hazard for different riparian vegetation cutting sce-
narios. For the estimation of ﬂood hazard, a combination of
the ﬂood propagation characteristics of water depth, ﬂow ve-
locity and sediment load was used. Next, a well-balanced se-
lection of the most appropriate agricultural cutting practices
of riparian vegetation was performed. Ultimately, the model
resultsobtainedfordifferentagriculturalcuttingpracticesce-
narios can be employed to create ﬂood protection measures
for ﬂood-prone areas. The proposed methodology was ap-
plied to the downstream part of a small Mediterranean river
basin in Crete, Greece.
1 Introduction
Due to climate change, the frequency and magnitude of
ﬂash ﬂood events are expected to increase in the near fu-
ture (Kleinen and Petschel-Held, 2007; de Moel et al., 2009).
Moreover, the economic losses caused by ﬂood events in Eu-
rope have been increasing dramatically during the past years,
mainly due to the signiﬁcant increase in population and eco-
nomic activities in ﬂood hazard zones (Plate, 2002).
For any ﬂoodplain management plan, the knowledge of
hydrodynamic parameters in time and space is required.
Commonly, these parameters are ﬂood inundation, discharge
and ﬂow velocity (Patro et al., 2009; Pramanik et al., 2010).
Hydrodynamic modeling can play a signiﬁcant role in de-
termining the values of these parameters. Several numerical
models, using different computational algorithms, have been
developed in order to solve the Saint Venant equations for
river and ﬂoodplain ﬂow simulation (Chatterjee et al., 2008).
Software tools, such as the MIKE 11 hydraulic model devel-
oped at the Danish Hydraulic Institute (DHI, 1997) and the
HEC-RAS (HEC River Analysis System) model from the US
Army Corps of Engineers (USACE1, 2002), have been used
extensively for the dynamic one-dimensional ﬂow simulation
in rivers.
A crucial factor that affects the ﬂooding ﬂow is the sed-
iment transport load that can lead to the phenomenon of
siltation in waterways and erosion of river banks (Etemad-
Shahidi et al., 2010). Sediment in rivers is usually into two
categories divided based on its physical properties: (i) cohe-
sive ﬁne sediment, with particles which can cluster together
(typically wash load and suspended load), and (ii) non-
cohesive gravel sediment, behaving as individual particles,
which can be suspended load or bedload. The non-cohesive
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sediment dominates the main channel and is responsible for
the overall channel shape (e.g., width, depth, slope), while
ﬁne cohesive sediment is important for ﬂoodplain sedimen-
tation and/or siltation of river waterways (DHI, 2011). The
erosion, deposition and ﬂocculation processes make the sim-
ulation of sediment transport a difﬁcult task. Thus, consider-
able effort has been put into the modeling of hydrodynam-
ics and cohesive sediment transport (Etemad-Shahidi et al.,
2010). Numerical models of sediment transport are usually
extensions of hydrodynamic models, as equations of sedi-
ment transport require current velocity components that are
normally obtained by a hydrodynamic model.
It is well known that, in ﬂood hydrodynamic simulation,
ﬂow resistance is a critical parameter in determining ﬂow
velocity, water depth and sediment load. In numerical ﬂood
simulations, ﬂow resistance is commonly deﬁned by Man-
ning’s coefﬁcient (n), whose high values indicate high ﬂow
resistance. Riparian vegetation, which consists of the vegeta-
tion on the land immediately adjacent to a stream, is often the
dominant factor affecting channel roughness (Tabacchi et al.,
2000; Gurnell et al., 2006). Channel roughness is a measure
of the frictional resistance of a channel (bed/bank) to river
ﬂow.
It is important to identify to what extent the riparian veg-
etation affects the magnitude of a ﬂood event. According to
Anderson et al. (2006) and Tabacchi et al. (2000), the smaller
ﬂoods with low- or mid-sized ﬂood peaks (high probability
of occurrence) are more sensitive to the riparian vegetation
conditions than larger ﬂoods with high discharges (low prob-
ability of occurrence). Therefore, in the case of ﬂash ﬂoods,
which are high-probability events, occur suddenly, and have
limited spatial extent, riparian vegetation management can
control the consequences of ﬂoods. The signiﬁcance of ri-
parian vegetation on ﬂood control depends on the length and
width/depth ratio of the channel. Anderson et al. (2006) has
reported that the smaller the channel, the higher the rela-
tive effect of riparian vegetation. Speciﬁcally, riparian veg-
etation is likely to have a signiﬁcant effect on ﬂood control
for a channel width/depth ratio less than 17 (Masterman and
Thorne, 1992). Thus, the role of riparian vegetation in con-
trolling overbank ﬂows in small channels with extensive ri-
parian vegetation can be very important. A common agricul-
tural practice to overcome ﬂooding is the annual mowing of
theriparianvegetationbodybymechanicalmeans.Thisprac-
tice restores discharge capacity but has negative ecological
impact (Vereecken et al., 2006). A better approach is to use
a well-balanced riparian vegetation management plan which
minimizes the ﬂood damages, while at the same time ensures
the biodiversity of riparian vegetation (Leu et al., 2008).
Based on the European Floods Directive (CEC, 2007), all
EU members should prepare ﬂood hazard maps and ﬂood
risk management plans by 22 December 2015. Out of several
ﬂood parameters, ﬂood hazard maps usually show only water
depth information. However, in order to evaluate the over-
all ﬂood hazard, ﬂow parameters such as water depth and
ﬂow velocity should be aggregated into qualitative classes
and combined to calculate a measure for the ﬂood danger (de
Moel et al., 2009). The development of different ﬂood haz-
ard maps for various ﬂood management plans would also be
useful.
The main objective of this study is to develop an inte-
grated modeling system for the estimation of ﬂood propa-
gation characteristics (ﬂow velocity and sediment transport)
and ﬂood hazard for an oncoming ﬂood event based on the
requirements of the European Floods Directive. The mod-
eling system has a modular structure that combines several
submodels: (a) a modeling framework based on hydrologi-
cal model HSPF (Hydrological Simulation Program – FOR-
TRAN), (b) the distributed MIKE 11 hydrodynamic mod-
ule (quasi-2-D), and (c) the MIKE 11 suspended sediment
transport module. This system is used to evaluate ﬂood pa-
rameters such as water depth, discharge, ﬂow velocity and
sediment transport load for an oncoming ﬂood event. In this
study, the relationships between riparian vegetation and ﬂood
propagation characteristics that determine ﬂood hazard were
incorporated into the modeling system. Therefore, the sys-
tem can be used to investigate the effect of different riparian
vegetation cutting scenarios on ﬂood hazard. The proposed
modeling system can be used as an effective tool for the esti-
mation of ﬂood hazard and for the well-balanced selection of
the appropriate riparian vegetation cutting management plan
that will minimize the degree and extent of ﬂood hazard.
2 Study area
The Koiliaris River basin is located in the eastern part of
the Chania Prefecture in Crete, Greece (Fig. 1). The wa-
tershed extends from the White Mountains (highest altitude
2041ma.m.s.l.) to the coastline and covers a total area of
130km2. The Koiliaris River has four tributaries (two per-
manent and two temporary). Three telemetric hydrometric
stations (H1, H2, H3) and two meteorological stations (M1,
M2), exist in the Koiliaris River basin and provide hourly
real-time data (Kourgialas and Karatzas, 2011) (Fig. 1).
The study area consists of carbonate formations, ﬂysch,
Quaternary-Neogenic and alluvial deposits.
In the past, several extreme ﬂash ﬂood events have oc-
curred in the downstream area of the basin (Fig. 1). The
downstream part of the basin has a short length (3.6km), a
very small width/depth ratio (less than 3.5), and is charac-
terized by dense riparian vegetation. Moreover, the topog-
raphy of the downstream study area of the Koiliaris River
basin is smooth, with a low topographic slope of 6%. Tak-
ing into consideration the above channel characteristics, it
is concluded that appropriate riparian vegetation manage-
ment can assist in ﬂash ﬂood prevention and control plans.
In order to investigate the role of riparian vegetation on ﬂash
ﬂood propagation characteristics, the high ﬂash ﬂood event
of 7 December 2000 that took place in the downstream area
of the Koiliaris River was considered.
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Fig. 1. Geology of the Koiliaris River basin and location of the upstream boundary of the model area.
3 Methodology
3.1 The concept of the modeling system
The developed modeling framework is an integrated hydro-
sedimentary model with a modular design which connects
three submodels. The ﬁrst one is a framework based on
the hydrological model HSPF. The time series output from
HSPF becomes input for the second submodel, the hydro-
dynamic module of MIKE 11 (quasi-2-D), in order to sim-
ulate ﬂood inundation at a speciﬁc river reach. The hydro-
dynamic module output is used as input for the third sub-
model, the advection–dispersion (AD) module of MIKE 11
which has the capability of estimating the suspended sedi-
ment load during a ﬂash ﬂood event. The ﬁrst and second
submodels have already been successfully calibrated and val-
idated for the study area in previous work by the authors
(Kourgialas et al., 2010; Kourgialas and Karatzas, 2013). The
impact of riparian vegetation on water depth and discharge
was studied in Kourgialas and Karatzas (2013). The contri-
bution of the present work, as a continuation of the previ-
ous one, is to investigate the role of riparian vegetation on
ﬂow velocity and sediment transport. The changes in ﬂow
velocity for different agricultural practices were simulated
in 1-D and 2-D using the second submodel, and the sedi-
ment load simulation was performed using the advection–
dispersion submodel. Utilizing this integrated modeling ap-
proach, two-dimensional ﬂood hazard maps were generated
for different weed-cutting practices. Such maps can be used
bydecision-makerstoobjectivelycomparedifferentmanage-
ment scenarios that can affect the degree and extent of ﬂood
hazard in ﬂood-prone areas. A graphical representation of the
Fig. 2. Flow chart of the proposed hydro-sedimentary modeling sys-
tem.
integrated hydro-sedimentary modeling system is presented
in Fig. 2.
3.2 A framework based on HSPF
The modeling framework is based on Hydrological Simu-
lation Program – FORTRAN (HSPF) and also includes a
karstic model for estimating spring discharge, an Energy
Budget Snow Melt model and an empirical karstic channel
model. This framework is capable of simulating the surface-
and groundwater ﬂow that generates ﬂash ﬂood events in the
downstream area of any complex hydrogeological basin.
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3.3 The hydrodynamic module of MIKE 11
The hydrodynamic module of MIKE 11 uses an implicit ﬁ-
nite difference model for unsteady channel ﬂow simulation
and quasi two-dimensional model for ﬂoodplain ﬂow simu-
lation. It solves the full dynamic and width-integrated equa-
tions of continuity and conservation of momentum (Saint
Venant equations). A six-point implicit staggered grid ﬁnite
difference scheme developed by Abbott and Ionescu (1967)
isusedforsolvingtheSaintVenantequations.Thissubmodel
was calibrated based on the ﬂash ﬂood event of 10 Decem-
ber 2003, and validated for the ﬂash ﬂood event of 7 De-
cember 2000 in previous work (Kourgialas and Karatzas,
2013). The high ﬂash ﬂood event that took place on 7 De-
cember 2000 is used in this work to investigate the impact of
different weed-cutting scenarios on ﬂash ﬂood ﬂow velocity
and sediment transport.
Input data to the hydrodynamic module, such as the river
network, the cross section, the boundary parameter and
the hydrodynamic parameter ﬁles must be processed (DHI,
2007). The boundary parameter ﬁle includes the hourly time
series boundary conditions that were deﬁned using the time
series output of the HSPF-based framework (Kourgialas et
al., 2010). Manning’s coefﬁcient (n) is used as the resistance
coefﬁcient in the hydrodynamic parameter ﬁle. River cross
sections were divided into three riparian vegetation zones
with different bed resistance values: (a) the bottom zone for
the description of low to moderate ﬂows (Riparian Zone 1),
(b) the bank zone for the description of moderate to high
ﬂows (Riparian Zone 2), and (c) the overbank and ﬂoodplain
ﬂow zone (Riparian Zone 3). The effect of different riparian
vegetation cutting scenarios on ﬂood propagation was inves-
tigated based on the above classiﬁcation. The grid cell size
of the output 2-D ﬂood inundation and velocity maps were
deﬁned as 1m, while the computational time step was set to
1min. The detailed description of the development of this
submodel, for the ﬂash ﬂood event of 7 December 2000 is
provided in Kourgialas and Karatzas (2013).
3.4 The advection–dispersion (AD) module of MIKE 11
3.4.1 Mathematical formulation
The advection–dispersion module of MIKE 11 for transport
modeling is based on the one-dimensional equation of con-
servation of mass of dissolved or suspended material (e.g.,
ﬁne sediments). The module requires the output from the
hydrodynamic module, in other words, discharge and wa-
ter level, cross-section area, and hydraulic radius. The basic
equation in this module is the advection–dispersion equation:
∂AC
∂t
+
∂QC
∂x
−
∂
∂x

ADL
∂C
∂x

= −kCA+C2q+Ew, (1)
where A is cross-section area, C is the concentration, DL
the horizontal dispersion coefﬁcient, k the linear decay
coefﬁcient, C2 is source/sink concentration, q the lateral in-
ﬂow, E the net deposition/erosion, x the space coordinate,
and t the time coordinate. In our case study, C2 is the tribu-
tary concentration, q the tributary inﬂow per unit length and
w the river width.
The above equations are solved numerically using an im-
plicit ﬁnite difference scheme. The model simulates both
temporal and spatial (longitudinal) variations of sediment
concentration, as well as accumulated sediment deposits over
the simulation period (DHI, 2007). The AD module includes
a relatively simple description of the erosion and deposition
as source/sink terms in the AD equation. In the case of depo-
sition, the net deposition term E is given by
E =
WSC
H∗
 
1−
v2
v2
cd
!
v < vcd(deposition), (2)
where v is the ﬂow velocity, vcd the critical deposition ve-
locity, Ws the fall velocity, and H∗ the average depth (of the
section) through which the particles settle.
In the case of erosion, the net erosion term E is expressed
as
E =
M
h

1−
v2
v2
ce

v ≥ vce(erosion), (3)
where vce is the critical erosion velocity, M the erodibility
coefﬁcient, and h the ﬂow depth.
The module was successfully tested and used by Neary
et al. (2001), Parsa et al. (2007) and Etemad-Shahidi et
al. (2010). Speciﬁcally, Parsa et al. (2007) showed that it can
be used effectively compared to 2-D and even 3-D sediment
transport models.
3.4.2 Calibration and validation
The input data that must be prepared for running the AD
module are (a) the time series of suspended sediment con-
centration at the upstream boundary, and (b) the sediment
characteristics, such as grain size, initial conditions of con-
centration, fall velocity, critical shear stress for deposi-
tion/erosion, erodibility coefﬁcient and dispersion coefﬁcient
(DHI, 2007).
The AD module was calibrated and validated for the time
period from 2011–2013, when a sampling campaign took
place at the downstream part of the Koiliaris River. Specif-
ically, 15 samples of suspended sediment were collected at
hydrometric station H1 and river bank soil samples were also
collected at 9 different locations along the downstream part
of the river. The soil samples were used to determine the sed-
iment characteristics experimentally. The calibration process
was based on the dispersion coefﬁcient because it plays a
signiﬁcant role in sediment transport. Nine of the collected
suspended sediment samples were used for calibration, while
the remaining six were used for the validation process.
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The calibrated and validated module was then used for the
study of the high ﬂash ﬂood event that took place on 7 De-
cember 2000. One of the main challenges associated with
this task was determining the boundary time series of sus-
pended sediment, due to lack of measurements for this spe-
ciﬁc event. In order to overcome this lack of data, a regres-
sion equation was developed based on the suspended sedi-
ment samples collected at station H1. Since discharge and
rainfall are considered the main factors controlling the pro-
ductionanddeliveryofsediment(Nadal-Romeroetal.,2008;
Rodriguez-Blanco et al., 2010), the regression equation is as
follows:
SSC = aD +bP +c, (4)
where SSC is the suspended sediment concentration
(mgL−1), D the discharge (m3 s−1), P the accumulated rain-
fall (mm), and a,b,c are coefﬁcients.
The discharge measurements from station H1 and the rain-
fall data from station M1 were used in the above equation.
3.5 Flood propagation scenarios based on weed-cutting
practices – ﬂood hazard rating maps
The ﬂow characteristics of the study ﬂash ﬂood event are
estimated from the hydro-sedimentary modeling system de-
scribed above. Water depth, discharge, ﬂow velocity and sed-
iment load were determined along the downstream part of
the Koiliaris River basin. Usually, in hydraulic modeling, the
parameter that corresponds to weed cutting is the Manning
roughness coefﬁcient (Leu et al., 2008). The determination
of the Manning roughness coefﬁcient, based on weed-cutting
practices, is a very difﬁcult task as it varies constantly due
to the different river geomorphological characteristics and
the variation in riparian vegetation cutting patterns. Thus,
in cases when the relationship between the Manning rough-
ness coefﬁcient and the weed-cutting percentage can not be
determined due to lack of ﬁeld data, literature values from
laboratory and ﬁeld experiments from channels with similar
characteristics to the river can be utilized with relatively low
uncertainty. Based on this, in this study we obtain Manning
roughness coefﬁcient information from both sources men-
tioned above. Three different weed-cutting scenarios were
considered in order to investigate the role of riparian vegeta-
tion on ﬂood propagation modeling in an integrated way for
the ﬂood event under study (Doncker et al., 2009; Kourgialas
and Karatzas, 2013):
a. no cutting scenario (using the calibrated Manning co-
efﬁcient),
b. 40% weed cutting corresponding to a 27% reduction
in Manning’s coefﬁcient, and
c. 57% weed cutting corresponding to a 62% reduction
in Manning’s coefﬁcient.
In addition, in order to have more robust results, a sensitiv-
ity analysis of the reduction in Manning’s coefﬁcient due to
weed-cutting scenarios was performed. For this purpose, rea-
sonable perturbation percentages were applied to scenarios
B and C and the change in velocity and sediment transport
results was computed after each change. The values of the
reduction in Manning’s coefﬁcient were perturbed by ±5%.
Fromtheresultsoftheauthors’priorwork(Kourgialasand
Karatzas, 2013), the effect of weed-cutting on the ﬂood wave
characteristics is minor in Riparian Zones 1 and 2, while is
signiﬁcant in Riparian Zone 3. For this reason, weed cutting
only in Riparian Zone 3 was investigated in this study. The
developed modeling system allows for the demonstration of
the changes in the ﬂow characteristics due to the different
weed-cutting scenarios. These characteristics were simulated
one-dimensionally for discharge and sediment load and two-
dimensionally for water depth and ﬂow velocity. The water
depth and ﬂow velocity results for the different weed-cutting
scenarios were used to determine a measure of the ﬂood
danger for each scenario. The UK ﬂood hazard rating (van
Alphen and Passchier, 2007; de Moel et al., 2009) was used
as a measure of the ﬂood danger. It is deﬁned as
FHR = W(V +0.5)+DF, (5)
where FHR is the ﬂood hazard rating, W the water depth
(m), V the ﬂow velocity (ms−1), and DF the debris factor.
The debris factor is equal to 1 for W >0.25 and equal to 0.5
otherwise.
Using the above ﬂood hazard rating and taking into con-
sideration the sediment load results, the well-balanced weed-
cutting scenario was selected.
4 Results and discussion
4.1 The hydrodynamic and sediment transport modules
of MIKE 11 based on weed-cutting practices
The hydrodynamic MIKE 11 module was successfully cal-
ibrated and validated in authors’ prior work for the simula-
tion of the ﬂood inundation of the historical ﬂash ﬂood event
that took place on 7 December 2000 in the study downstream
river part. Manning’s coefﬁcient (n) was selected as a model
calibration parameter (Pramanik, 2010) at different locations
(riverbed and banks) along the downstream river reach. For
the area of study, the calibrated Manning coefﬁcient takes
values equal to 0.035 in Riparian Zone 1, 0.04 in the Ripar-
ian Zone 2, and between 0.04 and 0.05 in Riparian Zone 3
(ﬂoodplains).
Riparian vegetation affects ﬂood propagation characteris-
tics and its cutting is part of the water management strategy.
Nevertheless, the riparian vegetation has an essential role in
water quality control which contributes to maintenance of a
sustainable ecosystem along the river and also controls ero-
sion and sediment transport (Vereecken et al., 2006; Doncker
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Fig.3.Flowvelocityandsedimenttransportloadfordifferentweed-
cutting scenarios.
et al., 2009). Kourgialas and Karatzas (2013) investigated the
effect of weed-cutting scenarios A, B and C on water depth
and discharge. The aim of this work is to study the impact of
the same weed-cutting scenarios on velocity and sediment
transport. The results of the previous study show that the
higher the weed-cutting percentage, the lower the ﬂood wave
depth and the higher the ﬂow discharge. For instance, 40%
weed cutting (scenario B) reduces the ﬂood wave peak from
4 to 3.6m, while 57% weed cutting (scenario C) reduces it
from 4 to 3.4m.
The simulation results for ﬂow velocity at a cross sec-
tion located 2100m from the study area’s upstream bound-
ary (Fig. 1) are shown in Part 1 of Fig. 3 for the three cut-
ting scenarios. As observed from the ﬁgure, the higher the
weed-cutting percentage, the higher the velocity. The max-
imum velocity is 0.14ms−1 for scenario A, 0.18ms−1 for
scenario B, and 0.33ms−1 for scenario C. The above values
correspond to a 22.2% and 57.6% increase in ﬂow velocity
peak for scenarios B and C, respectively, compared to the no
cutting scenario A. Another important observation is that the
ﬂow velocity peak appears earlier in time as the weed-cutting
percentage increases. It should be noted here that similar be-
havior was observed for the rest of the river cross sections.
A boundary condition time series of suspended sediment
concentration had to be created for the advection–dispersion
module. This was accomplished by using a regression equa-
tion based on the recent suspended sediment concentration
Table1.Experimentalresultsfromriverbanksoilsamplescollected
at different locations along the downstream part of the Koiliaris
River (Lilli, 2011).
Soil river Channel distance Critical shear Erodibility
bank from upstream stress coefﬁcient )
sample boundary (m) (Pa) (cm3/Ns)
1 325.2 0.11 0.302
2 363.5 0.15 0.258
3 377.2 0.14 0.267
4 560.2 0.35 0.169
5 573.2 0.25 0.200
6 726.6 0.21 0.218
7 841.6 0.18 0.236
8 960.2 0.21 0.218
9 1065.2 0.18 0.236
measurements, on the discharge measurements, and the rain-
fall data as follows:
SSC = 0.064D +0.06P +2.112, R2 = 0.85, (6)
where SSC is the suspended sediment concentration
(mgL−1), D the discharge (m3 s−1), and P the accumulated
rainfall (mm).
The sediment transport model calibration was performed
using the dispersion coefﬁcient as calibration parameter, as
the rest of the input data were available from experimental
results (Table 1). For comparison purposes, Table 2 summa-
rizes the available sediment transport load data along with
the corresponding simulation results. The determination in-
dex (R2) was also calculated in order to demonstrate the
goodness of ﬁt of the calibrated (R2 = 0.93) and validated
(R2 = 0.86) models. Despite the fact that measurement data
are limited, a very good ﬁt was achieved for both processes
using a dispersion coefﬁcient equal to 0.32m2 s−1.
The simulation results for the sediment transport load ob-
tained by using the above regression equation as boundary
condition to the calibrated model are shown in Fig. 3 (Part 2).
The results were generated for the same cross section that
was used for the velocity results. As observed in the ﬁgure,
the higher the weed-cutting percentage, the higher the sedi-
ment transport load. The maximum sediment transport load
is 0.110kgs−1 for scenario A, 0.127kgs−1 for scenario B,
and 0.179kgs−1 for scenario C. These values correspond to
a 13.4% and 38.5% increase in the sediment transport peak
for scenarios B and C, respectively, compared to the no cut-
ting scenario A. Similar to the behavior observed in the ve-
locity results, the sediment transport peak appears earlier in
time as the weed-cutting percentage increases. Furthermore,
as the cutting percentage increases, changes in the sediment
transport load as a function of time are steeper. The same
trends were veriﬁed for all river cross sections examined.
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Fig. 4. Flow velocity, ﬂood inundation and ﬂood hazard rating maps
for scenario A (no weed cutting).
4.2 Sensitivity analysis
A sensitivity analysis of Manning’s coefﬁcient was per-
formed for weed-cutting scenarios B and C for the cross sec-
tion located 2100m from the study area’s upstream bound-
ary. Based on the values of Manning’s coefﬁcient that were
perturbed by ±5%, four cases were considered in order to
investigate the change in velocity and sediment transport re-
sults.
B+) 40% weed cutting corresponding to a 32% reduction
in Manning’s coefﬁcient,
B−) 40% weed cutting corresponding to a 22% reduction
in Manning’s coefﬁcient,
C+) 57% weed cutting corresponding to a 67% reduction
in Manning’s coefﬁcient, and
C−) 57% weed cutting corresponding to a 57% reduction
in Manning’s coefﬁcient.
Based on the sensitivity analysis results, the maximum ve-
locity is 0.20ms−1 for case B+, 0.17ms−1 for case B−,
0.37ms−1 for case C+, and 0.31 for case C−. The above
values correspond to a 10.4% and −5.4% change in the
ﬂow velocity peak for cases B+ and B−, respectively, com-
paredtoscenarioB.ForcasesC+andC−,thecorresponding
changes are 10.8% and −6.5%, compared to scenario C.
In addition, the sensitivity simulation results show that the
maximum sediment transport load is 0.131kgs−1 for case
B+, 0.121kgs−1 for case B−, 0.182kgs−1 for case C+, and
Fig.5. Flowvelocity,ﬂoodinundationandﬂoodhazardratingmaps
for scenario B (40% weed cutting).
0.161kgs−1 forcaseC−.Thesevaluescorrespondtoa3.1%
and −4.6% change in sediment transport load for cases B+
and B−, respectively, compared to scenario B and 1.6% and
−11.2% change for cases C+ and C−, compared to scenario
C.
4.3 Flood hazard maps
The hydrodynamic module of MIKE 11 has the capability of
producing two-dimensional maps of the maximum ﬂood in-
undation and ﬂow velocity in the river and ﬂoodplain. Such
maps were generated for each of the three weed-cutting sce-
narios and were combined according to Eq. (5) in order to de-
rive the hazard rating map for each case. Figures 4–6 present
the water depth, ﬂow velocity, and the hazard rating map for
scenarios A, B and C, respectively. As can be seen in the haz-
ard rating maps, the ﬂood hazard ratings were divided into
four classes of different degree (low, moderate, signiﬁcant
and extreme) (Defra/Environment Agency, 2006).
The ﬂooded area for each ﬂood hazard class is presented
in Table 3 for the three scenarios. As shown, the total ﬂooded
area was reduced by 5.95% for scenario B and by 23.9% for
scenario C, compared to scenario A. More analytically, the
area of the low hazard class increases slightly for scenarios
B and C. This is viewed as a positive effect of weed cut-
ting since low hazard zones correspond to ﬂood zones with
shallow ﬂowing water or deep standing water. The moderate
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Fig. 6. Flow velocity, ﬂood inundation and ﬂood hazard rating maps
for scenario C (57% weed cutting).
and signiﬁcant hazard zones decrease signiﬁcantly when the
weed-cutting percentage is increased. For the moderate haz-
ard zone the observed increase is 7.7% for scenario B and
54% for scenario C, while for the signiﬁcant hazard zone the
respective percentages are 32.4% for scenario B and 62.1%
for scenario C. An interesting behavior is observed in the
case of the extreme hazard zones, which increase when weed
cutting is increased. The increase of the hazard level for the
areas close to the dominant channel is a negative effect of
weed cutting. This is more pronounced in the areas where
the channel line meanders, as opposed to the areas where it
is closer to a straight channel.
Thesimulationresultsdemonstratethenecessityforanop-
timal riparian vegetation cutting plan which takes into ac-
count the fact that ﬂood water depth and ﬂow velocity are af-
fected differently by the weed-cutting agricultural practices.
Recall that the simulation results for the sediment transport
load indicate that increased weed cutting results in heavier
transport load. Given that heavy sediment load leads to more
pronounced riverbank erosion and has a negative impact on
riparian ecology, scenario B seems to be preferable, as it pro-
vides the best balance among the ﬂood characteristics (water
level, discharge, velocity, ﬂooded area, and sediment load) in
regards to their intensity. Moreover, scenario B reduces the
creation of dangerous sediment transport load from an eco-
logical and human health point of view. Through scientiﬁc
studies it has been proven that the negative impact on human
health and riparian ecology increases as turbidity levels rise
Table 2. Comparison of the AD submodel output and ﬁeld measure-
ments of the suspended sediment transport load for the calibration
and validation processes.
Time
Suspended sediment transport
R2
load (kgs−1)
Measured Simulated
Calibration
13/12/2011 0.039 0.020
0.93
17/2/2012 0.081 0.090
29/3/2012 0.050 0.040
25/6/2012 0.013 0.010
21/8/2012 0.001 0.005
30/10/2012 0.003 0.007
15/11/2012 0.002 0.010
10/12/2012 0.103 0.120
14/12/2012 0.106 0.150
Validation
28/1/2013 0.045 0.030
0.86
15/2/2013 0.049 0.050
11/3/2013 0.047 0.030
16/3/2013 0.080 0.090
29/3/2013 0.051 0.030
4/5/2013 0.011 0.004
(WHO, 1996). The acceptable range of turbidity depends on
the size and local conditions of a studied river. Nevertheless,
a general guide for small rivers, such as the Koiliaris River,
is that turbidity above 5NTU can have negative ecological
or human health effects (WHO, 1996; EPA, 2007). In this
study, based on water sampling and turbidity measurements
at the downstream part of the Koiliaris River, a regression
function was determined between total suspended solids and
turbidity. Speciﬁcally, it was found that the concentration of
total suspended solids (mgL−1) is equal to 0.504 of the tur-
bidity value (NTU) (R2 = 0.97). Based on this function, the
turbidity for scenario A was estimated to reach 2.8NTU, for
scenario B 3.4NTU, and for scenario C 5.1NTU. Taking into
consideration the limit of 5NTU, scenario B can be charac-
terized as safe for ecological and human health.
4.4 Advantages and limitations of the proposed
modeling system
Oneofthemainadvantagesoftheproposedmodelingsystem
is the short computation time. Speciﬁcally, MIKE 11 (quasi-
2-D) combines a simpliﬁed two-dimensional representation
of the ﬂood inundation characteristics with a fast computa-
tion process. Moreover, many studies indicate that despite
the fact that, compared to two-dimensional models, MIKE
11 quasi-2-D fails to provide detailed information regarding
the ﬂow ﬁeld, it has generally similar accuracy in the estima-
tion of the ﬂood inundation area, especially for ﬂood ﬂows
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Table 3. Flooded area for different ﬂood propagation scenarios and different ﬂood hazard degrees.
Thresholds for Degree of Flooded area
Flood Hazard ﬂood hazard (km2)
Rating (FHR)*
scenario A scenario B scenario C
<0.75 Low 1.105 1.161 1.240
0.75–1.25 Moderate 1.051 0.970 0.492
1.25–2.5 Signiﬁcant 0.374 0.259 0.140
>2.5 Extreme 0.087 0.090 0.117
Total ﬂooded area 2.617 2.480 1.989
* Defra/Environment Agency (2006).
up to 325m3 s−1 (Tuteja, 2008). The hydrodynamic code of
MIKE 11 does not consider the dynamic water exchanges
between the river network and the ﬂoodplain. Speciﬁcally,
hydrological processes such as evapotranspiration losses or
interactions between the river water and groundwater are ig-
nored. These processes can play a very important role in
ﬂood inundation simulation of long river reaches. Thus, the
proposed hydrodynamic module is particularly suitable for
ﬂash ﬂood events, which have short duration, and relatively
short river reaches of less than 5km (DHI, 2007; Kourgialas
and Karatzas, 2013). The AD module of MIKE 11 can sim-
ulate wash- and suspended load but not bed load particles
such as rolls or jumps along the riverbed, thus the third
submodel is not appropriate for simulating signiﬁcant long-
term morphological changes in a river reach. In the case of
the present study, no signiﬁcant morphological changes have
been marked in the downstream part of the Koiliaris River
during the last 50yr, and the AD module is applicable to the
case.
5 Conclusions
This study highlights the signiﬁcant impact of riparian
vegetation on ﬂood propagation modeling, focusing on the
development of a modeling system for the quick estimation
of ﬂood propagation characteristics such as the water depth,
discharge, ﬂow velocity and sediment load at river reach
scale. The modeling system output is very useful, since it
quickly provides substantial information that can be used in
the decision-making process. Three different weed-cutting
scenarios were considered in order to investigate the role of
riparian vegetation on ﬂood propagation modeling. Based on
the derived simulation results an appropriate weed-cutting
scenario can be planned for the riparian vegetation in order
to minimize ﬂood impact and guarantee ecological quality.
Moreover, it is concluded that when the weed-cutting
percentage is increased, the ﬂood wave depth decreases
while ﬂow discharge, velocity and sediment transport load
increase. The proposed modeling system can incorporate the
ﬂood propagation characteristics such as water depth, ﬂow
velocity and sediment transport load in order to estimate
ﬂood hazard as a measure of the ﬂood danger from an
oncoming ﬂash ﬂood event. Using the above approach,
various mitigation scenarios based on the European Floods
Directive can be evaluated. The beneﬁt of this study is the
creation of a modeling tool, capable of illustrating the ﬂood
inundation of an oncoming event in short time, evaluat-
ing the ﬂood hazard based on water depth, ﬂow velocity
and sediment load, and selecting a well-balanced agricul-
tural cutting practice with respect to the level of ﬂood hazard.
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